Early combination therapy is increasingly recommended in hypertension management because of increased risk of adverse effects with high-dose monotherapy. However, this risk is not necessarily increased for high doses of angiotensin receptor blockers (ARB). ValTop study compared efficacy and safety of high vs. conventional dose of valsartan in hypertensive patients. ValTop was a controlled, randomized, double-blind trial. Of 6035 screened subjects, 4004 mild-to-moderate hypertensive patients (mean seated diastolic blood pressure (MSDBP) 90-109 mm Hg) started 4-week open-label treatment with valsartan 160 mg. Of them, 3776 were randomized to receive valsartan 160 mg (N¼1900) or 320 mg (N¼1876) o.d. for 4 weeks. In 28-week open-label extension study, all participating patients (N¼642) received valsartan 320 mg. Valsartan 160 mg reduced MSDBP by 10.0 mm Hg in the initial open-label phase. Further BP reductions in the double-blind phase were significantly (Po0.0001) greater in the 320 mg group than in the 160 mg group for MSDBP (1.6 ± 0.18 mm Hg vs. 0.5 ± 0.18 mm Hg) and mean seated systolic BP (3.3 ± 0.31 mm Hg vs. 0.7 ± 0.31 mm Hg). The size of the additional effect of the 320 mg dose on BP was similar in subjects controlled or not by the initial 160 mg dose. Adverse event (AE) rates were similar in both treatment groups, drug-related AEs occurring in o5% of subjects in each phase. High-dose valsartan is safe and effective in uncomplicated mild-to-moderate hypertension independently of the initial response to a moderate dose. High-dose ARB monotherapy may thus be a viable option in hypertension management.
INTRODUCTION
Hypertension is one of the main public health problems worldwide, because of its prognostic consequences and its high prevalence in a variety of populations. 1, 2 Although the beneficial effects of reducing blood pressure (BP) to levels recommended by guidelines have been clearly shown, 3 still, control rates of hypertension remain low. 1, 2, 4 This is at least in part related to problems such as physician inertia and poor patient compliance with treatment, which has prompted the research of appropriate therapeutic strategies that might minimize their negative impact.
The traditional approach to pharmacological treatment of hypertension is based on an initial monotherapy followed by dose uptitration and/or addition of other drugs. Recently, the early use of combination therapy has been more strongly recommended. 1, 2, 5 However, introducing an additional drug is not always an ideal solution: on one hand, relatively healthy patients are frequently reluctant to take an additional pill, which may lower their compliance; on the other hand, in elderly patients who already take a number of different drugs, a further increase in the number of pills may become a serious problem (allergies, drug interactions, reduced compliance), which, if possible, should be avoided. Fixed-dose combinations may only in part address these issues as they limit the dosing flexibility of individual drugs and they do not resolve the problems associated with polypragmasy.
Although high-dose monotherapy to achieve BP targets is not feasible for many drugs because of a concomitant increased risk of dose-dependent adverse effects, this may not be the case for angiotensin receptor blockers (ARBs), which have been suggested to effectively lower BP without an associated increased risk of adverse side effects even at high dosages. Furthermore, high-dose administration of these drugs has been proposed because of the demonstrated prognostic benefits independent of BP lowering. This, however, was mainly shown in special populations (congestive heart failure, myocardial infarction, renal failure) whereas, to our knowledge, large size trials on the administration of high-dose ARBs in uncomplicated hypertensives are lacking. [6] [7] [8] [9] [10] In particular, no data are available on BP-lowering efficacy of high dose of valsartan (320 mg) in patients initially treated with valsartan 160 mg who displayed a limited response to the initial dose.
On this background, we hypothesized that, when the alternatives to combination therapy of hypertension are considered, use of high-dose monotherapy with ARBs (specifically with valsartan) may be a safe and effective way of improving BP control in subjects with a limited response to the initial monotherapy in the standard dosage, without worsening of drug tolerability. The aim of this study was to verify this hypothesis in patients with uncomplicated diastolic essential hypertension.
METHODS
The ValTop study consisted of two main phases: a double-blind core trial and an open-label extension study. The core trial was a multi-center, randomized, double-blind, active-controlled, parallel-group study, stratified according to the patients' BP control status after 4 weeks of treatment with valsartan 160 mg. It consisted of three phases:
A 2-week screening period for determining patient eligibility and washout of medication not allowed by protocol. 4 -week open-label treatment with valsartan 160 mg. 4-week double-blind treatment with either 160 or 320 mg valsartan.
Patients were stratified according to their mean seated diastolic BP (MSDBP) after the open-label period to Stratum 1 (controlled: MSDBP o90 mm Hg) and Stratum 2 (not controlled: MSDBP X90 mm Hg). Within each stratum, patients were randomized to receive either valsartan 160 or 320 mg treatment in a 1:1 ratio. The core trial was followed by a 28-week open-label extension during which all patients received valsartan 320 mg.
The study was designed, implemented and reported in accordance with the International Conference on Harmonization Tripartite Guidelines for Good Clinical Practice, with applicable local laws and regulations and with the ethical principles laid down in the Declaration of Helsinki. Study protocol was approved by local Ethics Committees of participating institutions.
Participants
Eligible for participation in the core trial were male and female outpatients between the ages of 18 to 80 years, with mild-to-moderate hypertension (grades 1 or 2 WHO classification), who gave written informed consent to participate in the study. At washout, all treatment-naive patients needed to have MSDBP X95 and p109 mm Hg, and earlier treated patients needed to have MSDBP p109 mm Hg. At the start of the open-label period, all patients needed to have MSDBP X95 and p109 mm Hg.
Patients with any of the following were excluded from the study: severe hypertension (grade 3 by WHO); malignant hypertension; inability to discontinue safely earlier antihypertensive medications; history of proteinuria (40.3 g per 24 h); potentially fertile female patients not using effective contraceptive methods; history of hypertensive encephalopathy or cerebrovascular accident; secondary hypertension; type 1 diabetes mellitus; type 2 diabetes mellitus with poor glycemic control; other significant cardiovascular disease; thyroid medication, unless in a stable replacement therapy; upper arm circumference 442 cm; unwillingness or inability to give informed consent.
Patients who successfully completed the core study (in compliance with the protocol, with randomization code was kept blinded and without serious adverse events (AEs)), who had a mean seated systolic BP (MSSBP) 4110 mm Hg at the end of the double-blind period and who gave written informed consent were eligible for participation in the extension study.
The study was performed in 303 centers in 24 countries (listed in Appendix). 
Study medication

Objectives
The primary objective of the core trial was to assess the BP-lowering effect of 4-week treatment with a once-daily monotherapy of valsartan 320 mg, compared with valsartan 160 mg, in patients with uncomplicated essential diastolic hypertension (MSDBP X95 mm Hg and p109 mm Hg) stratified according to MSDBP control achievement with the initial valsartan 160 mg monotherapy.
The secondary objective was to assess the BP-lowering effect of 4-week treatment with once-daily valsartan 320 mg compared with valsartan 160 mg in subjects not controlled with 160 mg dose (Stratum 2). The tertiary objectives were to assess the BP-lowering effect of 4-week treatment with once-daily valsartan 320 mg compared with valsartan 160 mg in subjects controlled with 160 mg dose (Stratum 1), and to evaluate the short-term safety of valsartan 320 mg treatment.
The objective of the extension study was to assess the maintenance of therapeutic effectiveness, tolerability and safety of long-term treatment with valsartan 320 mg in an open-label manner.
Outcomes
The primary outcome in the core study was the change in trough MSDBP from baseline to end point (end of follow-up) in the overall population. Secondary outcome was the change in trough MSDBP in subjects not controlled with 160 mg once daily. Tertiary outcomes included change in trough MSDBP in subjects controlled with 160 mg once daily; change in trough MSSBP; change in mean seated pulse pressure, response and control rates in the overall population, in subjects controlled or not by initial open-label treatment. BP response was defined for systolic BP as MSSBP o140 mm Hg or a reduction of X20 mm Hg from baseline and for diastolic BP as MSDBP o90 mm Hg or a reduction of X10 mm Hg in MSDBP from baseline. BP control was defined for systolic BP as MSSBP o140 mm Hg and for diastolic BP as MSDBP o90 mm Hg. The primary end point of the extension study was the change in trough MSDBP and MSSBP between randomization and final visit (28 weeks).
Safety assessments consisted of monitoring and recording all AEs (with their severity and relationship to study drug). It also included regular monitoring of hematology, blood chemistry and urine performed at a central laboratory, and regular assessments of vital signs, physical condition and body weight.
To assess compliance with treatment, drug accountability was noted by the field monitor during site visits and at the completion of the trial.
BP measurement
A detailed description of BP measurement procedures will be published in a companion methodological paper. 11 In brief, at each visit, sitting BP was measured at trough (24 ± 3 h post-dose) with a validated, electronic, automated oscillometric device (Omron 705IT, Omron, Kyoto, Japan) 12 three times at 1-to 2-min intervals and the mean of all three measurements was used in the analyses. The subject had to be seated for 5 min with the arm positioned on the table and the cuff at the heart level. If at the initial visit a significant difference in BP was found between arms (X10 mm Hg in systolic BP and/or X5 mm Hg in diastolic BP), the arm with higher BP was used, otherwise the non-dominant arm was used. The same arm was used at all subsequent visits. If a difference between the highest and lowest BP readings exceeded 10 mm Hg for systolic BP or 5 mm Hg for diastolic BP, the set of three readings was repeated after 3 min.
Sample size
The sample size and power calculation were based on the primary variable, change from baseline in trough MSDBP. The sample size was determined to ensure 85% power for not controlled patients. The power for the overall population was derived from this and was calculated as 98%. An s.d. of
High-dose valsartan in uncomplicated hypertension G Parati et al 8 mm Hg for the difference from baseline in diastolic BP, an a-level for statistical significance of 0.05 (two sided) and an expected difference of 1.2 mm Hg between groups were assumed. Assuming 10% dropout rate, a total of 1780 patients with MSDBP X90 mm Hg at randomization visit (not controlled) were required. As the expected rate of not controlled subjects was 55%, around 3236 patients were needed to enter the run-in period. The actual number of not controlled subjects during a blinded interim review was close to 50% and, therefore, the sample size was adjusted to have a least 3560 randomized patients. Sample size calculations were performed using the nQuery Advisor software (Statistical Solutions, Saugus, MA, USA).
Randomization and blinding
Patients were stratified based on whether they were controlled with open-label valsartan 160 mg (MSDBPo90 mm Hg, Stratum 1) or not (MSDBP X90 mm Hg, Stratum 2) and were randomized within each stratum in a 1:1 ratio to either valsartan 160 or 320 mg per day. Randomization was performed by Novartis Drug Supply Management using a validated system. The randomization scheme was reviewed by a Biostatistics Quality Assurance Group and locked by them after approval. Throughout the study, randomization data were kept strictly confidential, accessible only to authorized persons. Only when the study had been completed, the data file verified, and the protocol violations determined were the drug codes broken and made available for data analysis. The double blind during the core study was maintained by the use of capsules of identical appearance for both study drug strengths.
Statistical methods
In the double-blind period, the BP efficacy parameters (MSDBP, MSSBP and mean pulse pressure) were examined in the overall intent-to-treat (ITT) population (all patients randomized, who provided baseline efficacy data and from whom at least one post-baseline efficacy measurement (MSDBP and MSSBP) was obtained after randomization), in both study strata. The primary, secondary and tertiary efficacy analyses were carried out for the ITT population and the primary analysis was repeated for the per-protocol population (all ITT patients who completed the study without any major deviations from the protocol procedures). Summary statistics of MSDBP, including the mean change from baseline (week 0) for the overall population, as well as for controlled and not controlled stratum, are presented for week 4 and end point by the treatment group. The change in primary, secondary and tertiary efficacy outcomes was analyzed using analysis of covariance with treatment, center and control stratum as fixed factors and (centered) baseline MSDBP measurement as covariate. Centers with o3 patients per treatment group were pooled within a country. In the analysis of control and responder rates, a logistic regression model was fitted with treatment and control stratum (where appropriate) as factors. Maximum likelihood estimates along with 95% confidence intervals (Wald confidence limits) for the odds ratios of valsartan 320 mg vs. 160 mg were calculated. The assessment of safety was based on the frequency of AEs and on the number of laboratory values that fell outside of pre-determined ranges.
RESULTS
Study participants
A total of 4004 eligible patients in 24 countries were enrolled into the open-label run-in phase of the study, and 3776 were randomized into the double-blind phase between 10 November 2003 and 2 December 2004, the most common reasons for discontinuation were AEs, protocol violation and withdrawal of consent. Numbers of patients randomized, completed and discontinued in the double-blind phase did not differ between the treatment groups. This portion of the study was completed by 98.6% of subjects, the most common reasons for discontinuation being protocol violation and AEs, similarly in both treatment groups.
A total of 642 patients participated in the extension phase of which 92.7% completed this portion of the study, the most common reasons for discontinuation being AEs, withdrawal of consent and unsatisfactory therapeutic effect. The two core treatment groups were evenly represented in the extension phase (Figure 1) .
The treatment groups were comparable with respect to the demographic characteristics as well as BP values at baseline ( Table 1 ). The majority of the patients were Caucasian with a slight majority of men vs. women. The mean age was 54.9 years, with 81.8% of patients younger than 65 years of age. Approximately two thirds (65.6%) of the patients received antihypertensive treatment before entering the study. The most frequently used drugs were ACE inhibitors (21.3%), selective b-blocking agents (14.9%), dihydropyridine calcium channel blockers (12.5%), angiotensin II antagonists (11.3%), diuretics (thiazides) (6%), angiotensin II antagonists and diuretics in combination (6.8%) and ACE inhibitors and diuretics in combination (4.2%).
Demographic characteristics for controlled and not controlled subjects were similar as in the overall ITT population. Demographic characteristics of patients in the extension phase were similar to those in the double-blind phase. Mean least square reduction in MSDBP over the double-blind phase (week 4 vs. week 0) was significantly (Po0.0001) greater in the valsartan 320 mg group (1.6 mm Hg) than in the valsartan 160 mg group (0.5 mm Hg) ( Table 2) . Similar results were obtained in the per-protocol population (not shown).
Efficacy results
Secondary and tertiary. In the population not controlled by initial treatment, the reduction from baseline (week 0) to end point (week 4) in MSDBP was significantly greater in the valsartan 320 mg group compared with the valsartan 160 mg group. Although in this population the MSDBP change from baseline was À2.8 mm Hg for valsartan 160 mg and À4.1 mm Hg for valsartan 320 mg, a tendency for BP to increase was conversely seen in controlled subjects, being less pronounced in the 320 mg than in the 160 mg group (+0.9 mm Hg and +2.0 mm Hg, respectively). Valsartan 320 mg was thus more effective than valsartan 160 mg in both strata (Table 2; Figure 2 ).
In the overall population, after 4 weeks of open-label treatment with valsartan 160 mg, the mean reduction in MSSBP was 12.3 mm Hg. In the double-blind phase, this effect was maintained in the valsartan 160 mg group (13.0 mm Hg reduction vs. visit 2), and became more pronounced (16.1 mm Hg reduction vs. visit 2) in patients who switched to valsartan 320 mg. The mean reductions in the doubleblind phase were significantly greater in the valsartan 320 mg group compared with the valsartan 160 mg group in the overall ITT population, in both study strata (Table 2; Figure 2 ).
In the double-blind phase, mean seated pulse pressure was reduced in all groups and this reduction was larger in the subjects on valsartan 320 mg than in those on valsartan 160 mg (overall: À1.7 vs. À0.3 mm Hg, Po0.001; not controlled: À2.0 vs. À0.7 mm Hg, Po0.01; controlled: À1.7 vs. À0.1 mm Hg, Po0.001).
Control rates. In the overall ITT population, all control and response rates at the end of the double-blind phase were significantly higher in the valsartan 320 mg group than in the valsartan 160 mg group (Figure 3 ). This was true for both study strata and the highest rates were observed in subjects controlled by the initial 160 mg therapy. Few patients made use of additional antihypertensive medications during the extension phase, although there were no restrictions in this regard. The most frequently used antihypertensive drugs during the extension period were thiazides (4.0% of extension study participants), dihydropyridine calcium antagonists (3.3%) and selective b-blockers (2.0%).
Safety results and compliance
AEs occurred in 15.2% of the patients during the open-label phase. In the double-blind phase, AE rates were similar in both arms (14.2% both), headache being the most frequently reported individual AE (1.4% in both groups), followed by nasopharyngitis, dizziness and back pain. There was no evidence of dose dependency in any of the most frequently reported AEs. In the extension phase, AEs occurred in 46.3% of subjects with the AE incidence rates similar as in the doubleblind phase. Bronchitis was the most frequently reported individual AE (3.6%), followed by back pain, eczema and nasopharyngitis.
Few patients had AEs suspected to be study drug related (4.3% runin, 2.5% double blind, 1.9% extension phase), the most frequent being headache and dizziness in the run-in phase and in the double-blind phase (Table 4 ) and vertigo; dry mouth and postural dizziness (each o0.3%) in the extension phase. Serious AEs occurred in 62 (1.6%) patients during the entire study, none of them suspected to be study drug related. The most frequent serious adverse events were prostate cancer (three patients) and serious hypertension (four patients). No deaths occurred during the study.
Ninety-nine patients (2.5%) were discontinued because of AEs during the entire study with similar frequency in both treatment groups. Discontinuations because of laboratory abnormalities occurred in six patients (0.1%) during the open-label phase and in one patient during the double-blind phase.
In the double-blind phase, low (o80%) compliance with study treatment was reported in 37 patients (1.0%).
DISCUSSION
Combination therapy is increasingly recommended as the most appropriate antihypertensive treatment strategy for most subjects. 1, 2 This is based to a large extent on (1) the beneficial pharmacodynamic interactions between selected drug classes both in terms of efficacy and AEs 13 and (2) on the observation that for many drugs in their highdose range further increasing the dosage leads to a fast increase in side effects and little further benefit in terms of therapeutic effect. 5 The latter concept, undoubtedly true for some drugs, should not be readily extrapolated to new, safer agents, including ARBs, unless scientific data indicate so. In fact, a monotherapy-based approach to hypertension treatment might still be considered as a valuable option in treating hypertension in appropriate patients because of its simplicity and ability to reduce the risk of class-specific dose-independent side effects. This, however, should be supported by a demonstration for individual drugs of their efficacy and safety at high doses. ValTop is the first study to provide such a demonstration for valsartan used in monotherapy in uncomplicated mild and moderate hypertensive subjects. Its results are reinforced by the fact that BP measurement was performed using an automated device, which provides more stable and less biased values. 11 The efficacy of valsartan in lowering BP is well known 14, 15 and was confirmed in the open-label phase of this study, in which a 10 mm Hg reduction in DBP was induced by 160 mg dose of valsartan. The main result of this study is that in subjects randomized to an up-titration to 320 mg dose after 4 weeks of open-label treatment, further reduction occurred in both SBP and DBP (the reductions were, respectively, larger by 2.59 and 1.18 mm Hg, compared with patients remaining on 160 mg valsartan). This translated into an additional 6.2% of subjects who achieved both SBP and DBP control when treated with the 320 mg dose, meaning that in 1 out of 10 patients uncontrolled with the initial dosage, a therapeutic success can be achieved with high-dose monotherapy. 16 Obviously, the size of additional BP-lowering effect Table 4 Number (%) of patients with most frequently reported (X0.2% in either group) adverse events that were suspected to be related to administration of study drug (safety population, double-blind phase) achieved by doubling valsartan dose was smaller compared with what was observed when hydrochlorothiazide or amlodipine were added to valsartan. [17] [18] [19] However, the aim of our study was not to undermine the usefulness of combination therapy in achieving BP control, but rather to show that, in a number of subjects, using the same ARB as a high-dose monotherapy may be sufficient to achieve the therapeutic target. Although the BP changes observed in ValTop are in line with the dose-response curve described in other studies, 14, 15 ValTop provides a deeper insight into the characteristics of response to increasing dosages of valsartan. It shows that the additional, dose-dependent effect of valsartan 320 mg on BP was not confined to subjects who attained BP control with the initial 160 mg dose, but that a similar effect was also present in the not controlled stratum. This indicates that subjects, in whom the smaller dose of valsartan produces a minor BP-lowering effect and who would thus normally be switched to another medication, may still attain a significant BP-lowering effect with an early, aggressive up-titration of valsartan to 320 mg. Possibly, such favorable result might also be obtained by starting treatment straightaway with the higher dose of this drug.
In the run-in and double-blind phases of ValTop, the treatment effects were evaluated after 4 weeks of therapy. Many drugs have been reported to induce additional BP reductions beyond this period; however, in case of valsartan, the additional BP changes after the initial 4 weeks of therapy are small. After further 4 weeks of valsartan monotherapy, they were reported to be approximately 0-1 mm Hg. 20, 21 Although additional reductions up to 2-3 mm Hg have been reported for valsartan/hydrochlorothiazide combination, in most studies, the maximal antihypertensive effect was typically seen within 4 weeks. [20] [21] [22] This is reflected in the current prescribing information for valsartan and valsartan/HCTZ, which states that the antihypertensive effect is substantially present within 2 weeks, and maximal effects are attained within 4 weeks and persist during long-term therapy.
ValTop is one of the first studies performed in a clinical setting 14, 23, 24 to explore the safety profile of high-dose ARB in patients without co-morbidities, that is those patients typically seen in everyday clinical practice. In this study, we have shown, in a large population of hypertensive subjects, that valsartan at high doses is safe, the frequency of AEs being similar to that of 160 mg. Very few subjects (o5%) experienced AEs that appeared to be drug related (mostly headache) and none of those was classified as serious. There were only seven cases of laboratory abnormalities that led to discontinuation of therapy, none of which were related to any serious AEs, and did not appear to be related to drug properties. In particular, no cases of clinically significant renal function impairment were observed.
The extension phase of ValTop showed that BP values did not show any tendency toward an escape phenomenon, but that they actually decreased further over time, with tolerability profile that remained excellent. This clearly indicates that high-dose valsartan in monotherapy is both safe and effective in mild-to-moderate uncomplicated hypertensive patients over relatively long periods of time.
The findings of ValTop may further stimulate the research on the clinical usefulness of high-dose ARBs. Several studies 6, 7, 9, 10, [25] [26] [27] [28] have indicated that in high-risk populations, ARBs at high doses may offer cardiovascular or renal protection despite, and independently of modest additional BP reductions compared with standard dosages. Although similar BP pattern was seen in ValTop in uncomplicated hypertensive subjects, it remains to be seen whether additional, BP-independent benefits of high dosages of ARB also present in this setting.
Conclusions
ValTop study shows that high doses of valsartan can be safely and effectively administered in uncomplicated mild-to-moderate hypertensive subjects, irrespectively of the initial control obtained with a moderate dosage. From a clinical perspective, our data suggest that if a patient on the initial 160 mg dose is not sufficiently controlled, an attempt to use the higher dosage may be a reasonable therapeutic approach. We believe that the best candidates to this strategy are those patients who are close to target BP while on 160 mg dose and/or in whom the physician is reluctant to add another drug for a variety of reasons (patient's preference, risk of non-compliance, side effects or interactions with other drugs). Therefore, high-dose ARB monotherapy should remain a viable option in hypertension management. Further research is needed to show whether high-dose ARBs provide any BP-independent benefits in uncomplicated hypertension and to evaluate their usage in combination with other antihypertensive agents, for example diuretics.
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